We present colour transformations for the conversion of the W 1 and W 2 magnitudes of WISE photometric system to the Johnson Cousins' BVRI, SDSS gri, and 2MASS JHK s photometric systems, for dwarfs. The W 3 and W 4 magnitudes were not considered due to their insufficient signal to noise ratio (S/N). The coordinates of 825 dwarfs along with their BVRI, gri, and JHK s data, taken from Bilir et al. (2008) were matched with the coordinates of stars in the preliminary data release of WISE (Wright et al. 2010 ) and a homogeneous dwarf sample with high S/N ratio have been obtained using the following constraints: 1) the data were dereddened, 2) giants were identified and excluded from the sample, 3) sample stars were selected according to data quality, 4) transformations were derived for sub samples of different metallicity range, and 5) transformations are two colour dependent. These colour transformations, coupled with known absolute magnitudes at shorter wavelenghts, can be used in space density evaluation for the Galactic (thin and thick) discs, at distances larger than the ones evaluated with JHK s photometry.
INTRODUCTION
All sky surveys from X-ray to radio regions of the electromagnetic spectrum have great impact on our understanding of Galactic structure and also change our view of the Universe dramatically. While surveys in optical wavelengths give detailed information about Galactic halo, longer wavelength surveys give us useful results for the Galactic disc. Recent photometric surveys such as Sloan Digital Sky Survey (SDSS; York et al. 2000) , Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006) , and Wide field Infrared Survey Explorer (WISE; Wright et al. 2010 ) are used to classify objects in colour spaces, while spectroscopic surveys such as SDSS and RAdial Velocity Experiment (RAVE, Steinmetz et al. 2006 ) are used to determine stellar atmospheric parameters. Analysis of astrometric, radial velocity and stellar atmospheric data, especially in the Solar neighbourhood, let us understand the structure, formation, and evolution of the Galaxy. Deep sky surveys are powerful tools in examining the far side of our Galaxy. However, information on nearby space can be obtained from shallow wavelength surveys. Therefore, for a complete understanding of the whole Galaxy multiple systems are needed. This implies the use of transformation equations between various photometric systems.
SDSS obtains images almost simultaneously in five broad bands (u, g, r, i, and z) centered at 3540, 4760, 6280, 7690, and 9250Å, respectively, (Fukugita et al. 1996; Gunn et al. 1998; Hogg et al. 2001; Smith et al. 2002) . The magnitudes derived from fitting a point spread function (PSF) are currently accurate to about 2 per cent in g, r, and i, and 3-5 per cent in u and z for bright (< 20 mag) point sources. The data have been made public in a series of yearly data release where the eighth (DR8, Aihara et al. 2011 ) covers 14 555 deg 2 of imaging area. The limiting magnitudes are (u, g, r, i, z) = (22, 22.2, 22.2, 21.3, 20.5) . The data are saturated at about 14 mag in g, r, and i, and about 12 mag in u and z (see Bilir et al. 2008, for more detail).
2MASS provides the most complete database of near infrared (NIR) Galactic point sources available to date. Observations cover 99.998 per cent (Skrutskie et al. 2006 ) of the sky with simultaneous detections in J (1.25 µm), H (1.65 µm), and K s (2.17 µm) bands up to limiting magnitudes of 15.8, 15.1, and 14.3, respectively. Bright source extractions have 1σ photometric uncertainty of < 0.03 mag and astrometric accuracy on the order of 100 mas (see Bilir et al. 2008 , for more detail).
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Another infrared survey was made by Spitzer Space Telescope which is one of the space baring observatories (Werner et al. 2004) . Spitzer has various instruments on board and one of them is the Infrared Array Camera (IRAC) which was used for the Galactic Legacy MidPlane Survey Extraordinaire (GLIMPSE) programme. The GLIMPSE survey was devised to obtain images of infrared sources toward the inner Galactic plane at 3.6, 4.5, 5.8 and 8.0
µm with angular resolution between 1 ′′ .4 to 1 ′′ .9 using IRAC on the Spitzer Space Telescope (Churchwell et al. 2001; Benjamin et al. 2005) .
WISE (Wide Field Survey Explorer), the up-to-date infrared survey, began surveying the sky on 14 January 2010 and completed its first full coverage of the sky on 17 July 2010 with much higher sensitivity than comparable previous infrared survey missions (Wright et al. 2010 ). WISE has four infrared filters W 1, W 2, W 3, W 4 centered at 3.4, 4.6, 12 & 22 µm, and the angular resolution is 6 ′′ .1, 6 ′′ .4, 6 ′′ .5, and 12 ′′ .0 at W 1, W 2, W 3, W 4 by using a 40 cm telescope feeding arrays with a total of four million pixels. The increased number of detectors leads to a much higher sensitivity: WISE has achieved five −σ point source sensitivities better than 0.08, 0.11, 1 and 6 mJy at 3.4, 4.6, 12 and 22 µm. These sensitivities correspond to Vega magnitudes 16.5, 15.5, 11.2, and 7.9. Thus WISE will go a magnitude deeper than the 2MASS K s data in W 1 for sources with spectra close to that of an A0 star, and even deeper for moderately red sources like K stars or galaxies with old stellar populations. WISE filters fill the wavelength gap between 2MASS (Skrutskie et al. 2006) all sky survey at 1.2-2.2 µm and AKARI mission, (Murakami et al. 2007 ) which used an ingenious technique to survey the middle IR sky at 9 and 18 µm with sensitivities of 50 and 100 mJy (Ishihara et al. 2010 ) and with better angular resolution than the InfraRed Astronomical Satellite (IRAS; Neugebauer et al. 1984; Beichman et al. 1988 ).
The scientific goals of the survey are the Solar System objects (asteroids, comet trails, and zodiac bands), Solar neighbourhood objects (dwarf and giant stars, brown dwarfs, young stars and debris disc, interstellar dust), and the most majority of the extragalactic objects (the most ultra luminous, seyferts, and starburst galaxies, and quasars) in the Universe.
The preliminary data (released on 14 April 2011) covers 57 per cent of the sky which are from the first 105 days of WISE survey observations. A source catalogue contains positional and photometric information for over 257 million objects detected on the WISE images, and an Explanatory Supplement that provides a user's guide to the WISE mission and format, content, characteristics and cautionary notes for the release products.
In Bilir et al. (2008) we presented the transformations between BVRI, SDSS, and 2MASS photometric systems. The passband profiles for BV RI, ugriz, JHK s , and W 1W 2W 3W 4 photometric systems are given in Fig. 1 . Here we add a middle infrared system, WISE, to this photometric set and we follow the same procedure with slight modifications: As the transformations were planned for dwarfs, W 3 and W 4 magnitudes were not used due to low energy of dwarfs in those bands. The transformations are metallicity dependent and are a function of two colours, similar to Bilir et al. (2008) . However, in the inverse transformations, i.e., from the WISE system to BV RI and gri, J −H colour of 2MASS photometric system is used as a second colour combined linearly with W 1 − W 2. Thus, J − H colour filled the gap of W 3 − W 4. Such a modification seems reasonable, as both J − H and W 3 − W 4 colours correspond to the infrared photometric systems.
In Section 2 we present the sources of our star sample and the criteria applied to the give a summary and conclusion.
DATA
The data used for our transformations were taken from Bilir et al. (2008) and the preliminary data release of WISE (Wright et al. 2010) . Bilir et al. (2008) (2007), and Cutri et al. (2003) , respectively, and formed a catalogue of 825 dwarfs (the identification of dwarfs are explained in Bilir et al. 2008) . We matched the coordinates of these stars in 10 fields (NGC 2419, NGC 2420, Draco, NGC 2683, NGC 3031, L106, L107, Pal 5, PG1633, M92) investigated by Stetson (2000) and mapped by WISE, and revealed that 311 out of 825 stars appeared in the catalogue of Bilir et al. (2008) and preliminary data release of WISE 1 . We confirmed the overlapping of 311 stars by comparing their J magnitudes which appeared in two different sources. We reduced the number of stars to 289 whose magnitudes were of best quality (AA) for W 1 and W 2, and we had to omit all W 3 and W 4 magnitudes due to their insufficient quality. A further reduction has been carried out for 72 stars whose B − V and R − I colours were missing in the catalogue of Bilir et al. (2008) . The data of our final catalogue for 289 stars are given in Table 1 The mean errors, standard deviations, and the number of stars available for magnitudes for four photometric systems are given in Table 2 . The mean errors are less than 1 per cent and 2 per cent for the magnitudes BV RI and gri, respectively, whereas they lie between 3 per cent and 6 per cent for near and middle infrared photometric systems.
Reddening and Metallicity
Dereddening of the magnitudes is carried out by using the following procedure. First, we used the R λ /R 3.1 data of Cardelli, Clayton & Mathis (1989) and obtained a spline function for the infrared wavelengths between 2 and 35 µm. Then, we used the colour excess E(B −V )
values from Schlegel et al. (1998) at appropriate Galactic latitudes to evaluated the total extinction R λ for the wavelengths 3.4, 4.6, 12, and 22 µm corresponding to the bands W 1, W 2, W 3, and W 4, i.e. 0.158, 0.093, 0.087, and 0.056 mag, respectively (Fig. 3) . Thus, the magnitudes W 1 and W 2 were dereddened by 0.158 and 0.093 mag, respectively. The BV RI, gri, and JHK s magnitudes had already been dereddened by Bilir et al. (2008) . The distribution of errors for 12 magnitudes are given in Fig. 4 as a function of intrinsic colours.
The transformation formulae are given as a function of metallicity. For this purpose, we used the procedure of Karaali, Bilir & Tunçel (2005) and determined the metallicities of 289 stars (Table 3) 
The transformation equations consist of two colours but three terms. 
Transformations between WISE and SDSS photometry
The transformations between the W 1 and W 2 magnitudes of WISE and SDSS have similar general equations, given below:
The numerical values of the coefficients a i , b i , c i and d i (i=3, 4) for the four sets defined above are given in columns (3) and (4) in Table 4 . Again, the transformations between the Table 4 . Coefficients a i , b i , c i and d i for the transformation Eqs. 1-6, in column matrix form for the four different metallicity ranges. The subscript i=1, 2, 3, 4, 5 and 6 correspond to the same number that denotes the columns. Numerical values in the fifth, sixth, and seventh lines of each metallicity range are the squared correlation coefficients (R 2 ), the standard deviations (s) and number of stars (N), respectively.
(1) (2) (3) (4) (5) magnitudes W 1 and W 2 of WISE and SDSS photometry are luminosity, metallicity and two colour dependent.
Transformations between WISE and 2MASS photometry
The transformations between the W 1 and W 2 magnitudes of WISE and 2MASS have similar general equations, given below:
The numerical values of the coefficients a i , b i , c i and d i (i=5, 6) for the four sets defined above are given in columns (5) and (6) in Table 4 . As it was obtained both for JohnsonCousins' and SDSS photometry, the transformations between the magnitudes W 1 and W 2 of WISE and 2MASS are luminosity, metallicity and two colour dependent. Table 5 . Averages for differences between the measured and evaluated colours (residuals) for six colours in four different metallicity ranges. The notation used is ∆(colour) = (evaluated colour) -(measured colour).
[ 
Residuals
We compared the observed colours and those evaluated via Eqs. (1)- (6) to analyze the residuals distribution. As seen in Table 5 , the mean of the residuals are rather small. The residuals are plotted versus observed (B − V ) 0 , (g − r) 0 or (J − H) 0 colours in Fig. 5 .
Although the number of stars are not equal in each panel, there is no systematic deviation from the zero point in any panel. However, the ranges of the residuals for different colours are not the same. Those for V − W 1, g − W 1, and J − W 1 are smaller than the ones for V − W 2, g − W 2, and J − W 2. This indicates that the W 1 (absolute) magnitudes evaluated via the transformations given above would be more accurate than W 2.
Inverse transformation formulae
As it was explained before, W 3 and W 4 magnitudes can not be used for the star sample.
Hence, we adapted the following procedure to get the inverse transformations with two colours: By combining linearly the near and mid infrared colours, i.e. (J − H) 0 and (W 1 − W 2) 0 , we transformed them to the optical colours, i.e. (B − V ) 0 , (R − I) 0 , (g − r) 0 , and (r −i) 0 . Additionally in Table 6 , we separated the stars in the four metallicity ranges defined above into bins and used the locus of each bin for numerical evaluation of the coefficients in the inverse transformations given in the following:
The numerical values of the coefficients, α i , β i , and γ i (i=1, 2, 3, 4) for the four metallicity ranges are given in Table 7 . 
N is the number of stars in each bin. The other columns refer to the colours used in the transformations. Table 7 . Numerical values of the coefficients for the inverse transformation equations for the different metallicity ranges. α i , β i and γ i (i=1, 2, 3 and 4) correspond to equations 7, 8, 9, and 10, respectively. The numerical values in the fourth and fifth lines are the squared correlation coefficients (R 2 ) and the standard deviations (s). N is the number of stars used in the evaluation of the coefficients.
(1) (2) (3) (4) 
SUMMARY AND CONCLUSION
We presented the colour transformations for the conversion of the W 1 and W 2 magnitudes of WISE into three photometric systems, i.e. Johnson-Cousins' BV RI, SDSS gri, and 2MASS
for dwarfs. W 3 and W 4 magnitudes were not included due to their insufficient photometric quality (however, transformations to convert of all magnitudes into the three photometric systems used here will be a second subject for giants in a forthcoming paper). The following constraints were applied to the sample taken from Bilir et al. (2008) , to obtain the most accurate transformations: 1) the data were dereddened, 2) giants have been identified and Conclusion: WISE will go a magnitude deeper than the 2MASS K s data in W 1 for sources with spectra close to that of an A0 star, and even deeper for K and M spectral type stars. The present transformations can be applied to stars with known absolute V , g, or J magnitudes and absolute magnitudes for W 1 can be provided. We can use these two advantages to investigate the Galactic (thin and thick) discs more accurately. As for example, for finding the answers of some of the following questions: Do the late type dwarfs, such as brown dwarfs, obey the two exponential space density law for discs that we use today? If so, will the Galactic model parameters that would be estimated with the addition of the brown dwarfs and the ones appearing in the literature be similar? The answers of such questions will be helpful in our better understanding of the Galactic discs structure. Moreover, the different metallicity ranges correspond to different Galactic populations, making the relationships a powerful tool in disentangling the Galactic structure. They will be rendered even more powerful when a similar relation is obtained for giant stars (Paper II, in preparation).
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